• E strike-slip fault in the Ubaye-Argentera area, southwestern French-Italian Alps, was the locus of a seismic swarm in [2003][2004]. Its reactivation is examined by a 2-D frictional fault analysis. The regional stress tensor in the vicinity of the fault is determined by inversion of focal mechanisms of the 38 events with largest magnitudes of the 2003-2004 swarm. Inversion shows that the axis of the maximum principal stress σ 1 is oriented nearly horizontal and at 63
I N T RO D U C T I O N
Geological fluids are suspected to play an important role in controlling the activity of faults in the continental crust (e.g. Nur & Booker 1972; Boullier & Robert 1992; Cox 1995; Hickman et al. 1995; Noir et al. 1997; Nguyen et al. 1998; Floyd et al. 2001; Miller et al. 2004; Micklethwaite & Cox 2006) . Among the various influences that fluids may exert on the stability of faults, the possible reactivation of otherwise stable faults by the development of critical pore fluid pressures along faults or fault zones has recently received much attention. Indeed, under the hypothesis of a 'Byerlee-type' friction (a value of the coefficient of static friction, μ s , comprised between 0.6 and 0.85), faults severely misoriented with respect to the ambient stress field should not be reactivated and differential stress build-up should lead to the formation of new faults with more favourable orientations (see e.g Mittempergher et al. 2009 ). Sibson (1985) provides a 2-D mechanical analysis of the reactivation of pre-existing cohesionless faults under a given stress regime, and shows that reactivation of severely misoriented faults is nevertheless possible when the pressure of the pore fluid (p f ) within the fault zone exceeds the least principal stress, σ 3 . This condition can be written as, p f > σ 3 (1) or
where σ 3 = σ 3 -p f is the effective least principal stress component. Following this theoretical analysis, several studies have shown that fluid overpressures may have allowed reactivation of faults unfavourably oriented or even severely misoriented with respect to the ambient stress field. These studies pertain to seismogenically active faults (Collettini & Sibson 2001; Sibson 2007 Sibson , 2009 ; Konstantinou et al. 2011) or to ancient inactive faults (Sibson & Scott 1998; Collettini et al. 2006; Mittempergher et al. 2009; Fagereng et al. 2010) .
In this contribution, we examine the reactivation of a regional fault belonging to a major strike-slip fault system in the southwestern French-Italian Alps and which was recently the site of a seismic swarm. Given the unfavourable orientation of this seismogenic fault relative to the ambient stress field, we show that its reactivation was caused by high pore fluid pressures. We further estimate the value of 30 H. Leclère et al. the pore fluid pressure needed for reactivation at hypocentral depths. We, then, propose a fluid overpressuring model based on the low permeability of the sedimentary (autochtonous and allochtonous) cover and on the hydrothermally sealed fault damage zones. The consequences of this hydraulic model on the seismogenic potential of the entire fault system are then discussed.
G E O L O G I C A L A N D S E I S M O L O G I C A L S E T T I N G
The study area (Fig. 1) consists of the Argentera Palaeozoic crystalline basement, its autochtonous Mesozoic and Cenozoic sedimentary cover (so-called Dauphinois cover) and allochtonous units of the Embrunais-Ubaye nappes overlying the sedimentary cover (Faure-Muret 1955; Kerckhove 1969; Bogdanoff 1986; Fry 1989; Labaume et al. 1989; Sue & Tricart 2003) . The Argentera Palaeozoic crystalline basement is cross-cut by steeply dipping to vertical NW-SE faults several kilometres long (Horrenberger et al. 1978) . White mica 40 Ar/ 39 Ar and zircon and apatite fission-track dating in the Argentera massif indicate that the NW-SE fault activity dates back to the Oligocene to Early Miocene (Corsini et al. 2004; Sanchez et al. 2011) . Zircon and apatite fission-track dating show that this activity continued through the Miocene (Bigot-Cormier et al. 2000; Bogdanoff et al. 2000) . The Quaternary to present-day activity of the NW-SE faults is ascertained for one of these faults, the so-called Jausiers-Tinée fault (JTF; Fig. 1 ; Sanchez et al. 2010a, b) showing pluri-decametric dextral offsets of topographic crests and slope breaks, and offsets of Holocene alluvial deposits and Early Holocene glacial-polished surfaces (Sanchez et al. 2010a) . The striations associated with these recent displacements display rakes close to horizontal (Sanchez et al. 2010a) . Kerckhove et al. 1980) . JTF, Jausiers-Tinée fault (after Sanchez et al. 2010b) ; SBF, Serenne-Bersezio fault; BV, Bagni di Vinadio thermal spring; TV, Terme di Valdieri thermal spring. The star indicates the location of the epicentre of the M L 5.3 Saint-Paul-sur-Ubaye 1959 earthquake. For simplicity, Briançonnais thrust sheets (Kerckhove et al. 1980; Fry 1989) are omitted. The black square indicates the location of the analysed gouge sample. (b) Cross-section A-B modified from Lardeaux et al. (2006) showing the relationships between crystalline basement, autochtonous sedimentary cover and Embrunais-Ubaye nappes. (c) Depth-frequency of the 2003-2004 seismic swarm earthquakes (after Daniel et al. 2011) . Depths are taken from a mean surface elevation fixed at 1500 m (elevation of the Jausiers village). The star indicates the hypocentral depth of the Saint-Paul-sur-Ubaye earthquake.
Reactivation of a strike-slip fault

31
Geological studies (Kerckhove 1969; Kerckhove et al. 1980; Labaume et al. 1989) show that most of the NW-SE faults do not continue across the autochtonous sedimentary cover and overlying Embrunais-Ubaye nappes, but are sealed by the basal unconformity of the autochtonous cover (Fig. 1 ). An exception is provided by the Serenne-Bersezio (SBF) fault which cross-cuts the sedimentary cover and overlying nappes ( Fig. 1) and which was active after nappe emplacement.
The study area is characterized by a crustal seismic activity consisting in a M L 5.3 earthquake in 1959 (Saint-Paul-sur-Ubaye earthquake; star on Fig. 1 ; Nicolas et al. 1998) and several seismic swarms which occurred repeatedly in 1978 (Fréchet & Pavoni 1979 ), in 1989 (Guyoton et al. 1990 (Jenatton et al. 2007 ). The 1959 Saint-Paul-sur-Ubaye earthquake, with a focal depth estimated at 8 km (Nicolas et al. 1998) , occurred very close to the SBF (Fig. 1) . The focal mechanism (Ménard 1988 ) indicates a right-lateral slip on a plane parallel to the SBF or left-lateral slip on a plane perpendicular to the SBF. The alignment of hypocentres of M 1-4 earthquakes (Sue et al. 2007) suggests that the SBF is the fault, which slipped during the 1959 event.
The most recent seismic swarm in the study area occurred in 2003 and 2004 with more than 16 000 microearthquakes. The M L magnitudes of these earthquakes range from −1.3 to 2.7 (Jenatton et al. 2007) . From these events, 38 focal mechanisms could be computed (Jenatton et al. 2007 ). The faulting mechanisms are dominated by a strike-slip tectonic regime along NW-SE dextral strike-slip faults or along NE-SW sinistral strike-slip faults. About one-third of the solutions correspond to normal faulting mechanisms with tension axes trending SW-NE to E-W. For only two events, the data suggest a reverse component. The seismic activity was clustered along a 9-km-long, 3-8-km-deep zone. On the basis of a precise relocation of events from the 2003 to 2004 swarm, Daniel et al. (2011) showed that the hypocentres of the 2003-2004 swarm are aligned along a mean crustal seismic fault plane striking N130
• E and dipping 80
• W, called hereafter the N130
• E seismic fault. The activity initiated in the central part of the rupture zone, migrated to its periphery and eventually concentrated in its southeastern deep end. Daniel et al. (2011) explained this hypocentre migration by fluid migration through time. Before examining the conditions required for reactivation of this N130
• E seismic fault, it is first necessary to determine the orientation of the principal axes of the regional stress tensor and the shape stress ratio.
C H A R A C T E R I S T I C S O F T H E R E G I O N A L S T R E S S T E N S O R
Method
The orientation of the three principal axes of the regional stress tensor and the stress shape ratio are determined from a set of 38 doublecouple focal mechanisms of the 2003-2004 swarm (see fig. 6 in Jenatton et al. 2007 ) by using the WinTensor inversion programme (Delvaux & Sperner 2003) . The WinTensor inversion method is based on the following assumptions: (1) The stresses are uniform and invariant in space and time; (2) faults do not interact; (3) there is no fault block rotation; (4) the earthquake slip vector, d, is in the direction of the maximum shear stress, τ (Wallace-Bott hypothesis; Wallace 1951; Bott 1959) . The WinTensor inversion method first determines the directions of the principal stress axes by using the right dihedra method, a graphical method for determination of the range of the possible orientations of σ 1 and σ 3 (Angelier & Mechler 1977) . With the right dihedra method, the nodal planes of any incompatible focal mechanism are eliminated. This initial result is used as a starting point for the iterative grid-search 'rotational optimisation'. In the rotational optimization grid-search, the entire focal mechanism is discarded if the values of the misfit angle, α (angle between d and τ vectors) of the two nodal planes are greater than the threshold value of 30
• . If one of the nodal planes has an α value greater than the threshold value, it is considered as the auxiliary plane and is discarded. Finally, if the α values of the two nodal planes are lower than the threshold value, the nodal plane having the lowest value of the misfit function F5 in the WinTensor programme (described as f3 in Delvaux & Sperner 2003) will be retained as the fault plane. The misfit function F5 minimizes the misfit angle α by using the stress tensor that is being tested, but also favours higher shear stress magnitudes |τ (i)| and lower normal stress magnitudes |ν(i)| on the plane to promote slip. After the nodal plane sorting, the remaining fault planes constitute a homogeneous fault population, which will then be inverted to define a stress tensor by determining the orientation of the three principal stress axes (σ 1 > σ 2 > σ 3 ) and the value of the stress shape ratio, , defined by,
Results
Applying the WinTensor programme to the population of 38 events for which polarity data are sufficient to allow a focal mechanism determination (Jenatton et al. 2007) leads to the removal of 18 mechanisms for which the misfit angles α exceed the 30
• threshold value previously mentioned. The stress tensor resulting from the inversion of the remaining 20 focal mechanisms (Fig. 2) is consistent with a nearly pure strike-slip tectonic regime with a nearly vertical σ 2 -axis-oriented N153
• E and plunging 74
• SE, a nearly horizontal σ 1 -axis-oriented N13
• E and plunging 12
• N and a nearly horizontal σ 3 -axis-oriented N281
• E and plunging 9
• W. The stress shape ratio, , is equal to 0.70. This stress tensor agrees with GPS data, which indicate an E-W extension in the central part of the western Alps and a N-S to NW-SE shortening in the southern part of the western Alps (Calais et al. 2002; Delacou et al. 2004; Larroque et al. 2009 ). Furthermore, inversions of the focal mechanisms of earthquakes and fault-slip data in or around the study area (Béthoux et al. 1988; Labaume et al. 1989; Ritz 1992; Sue & Tricart 2003; Delacou et al. 2004; Sanchez et al. 2010a ) indicate a nearly N-S σ 1 and a nearly E-W σ 3 , consistent with our inversion.
R E A C T I VAT I O N O F T H E M A I N FAU LT O F T H E 2 0 0 3 -2 0 0 S WA R M
The most fundamental criterion for fault slip is the Coulomb failure criterion (Byerlee 1978; Jaeger & Cook 1979) . Following this criterion, and by assuming a negligible cohesion, the reactivation of a fault depends on, (1) the orientation of the principal stress axes relatively to the fault plane, (2) the coefficient of static friction along the fault and (3) the pore fluid pressure in the fault zone. To characterize the conditions of reactivation of a fault within a given stress field, Sibson (1985) derived the following expression:
where R is the effective stress ratio, p f is the pore fluid pressure, μ s is the coefficient of static friction of the fault plane and θ r is the 32 H. Leclère et al. angle between the σ 1 axis and the fault plane. This 2-D analysis is applicable only if the σ 2 axis is contained in the fault plane. In this study, the angle between the N130
• E seismic fault (dipping 80
• westwards) and the σ 2 axis (plunging 74
• southeastwards) is equal to 3.5
• . This small angle allows the assumption that the σ 2 axis is within the fault plane. Given the N130
• E strike of the seismic fault plane and the N13
• E trend of the σ 1 axis, the angle θ r between the fault plane and the σ 1 axis was computed and is equal to 63.4
• . The relation between the effective stress ratio and angle θ r given by eq. (4) results in three regimes (Fig. 3) . A flat positive minimum around the optimal value θ r * allows to reactivate faults without changing the effective stress ratio substantially to the positive minimum value R min (eq. 5). Thus, all these orientations can still be called favourable. Approaching the two singularities at R > 1.5 R min, the reactivation of faults requires very high positive effective stress ratios and such faults may be called unfavourably oriented. Finally, for angles of reactivation θ r larger than 2θ r * , the effective stress ratio required to reactivate faults is negative (i.e. negative σ 3 are required for reactivation). This last field defines severely misoriented faults that require excess fluid pressure (p f > σ 3 ) to be reactivated.
Role of μ s on fault reactivation
In addition to the pore fluid pressure, the coefficient of static friction μ s may also affect the reactivation of a fault. The variations of the stress ratio R as a function of μ s for an angle θ r (angle between the σ 1 axis and the fault plane) equal to 63
• are presented in Fig. 4 . For typical rock friction values (0.6 ≤ μ s ≤ 0.85; Byerlee 1978), the N130
• E seismic fault is still severely misoriented with a negative R value called R 130 between −7.3 and −2.1. Static friction coefficients as low as 0.28 are required for the fault to be favourably oriented (Fig. 4) .
A low (<0.6, as low as 0.2 in some cases) static friction is often invoked to account for the reactivation of unfavourably oriented faults (Moore et al. 1996; Moore & Rymer 2007; Numelin et al. 2007; Collettini et al. 2009 ). In the following, the possibility of a weakening of the N130
• E seismic fault caused by a fault core material with a low static friction is examined. Note that since the Argentera massif is composed only of granitoids and gneisses without ultramafic rocks or serpentinite, the presence of very-low friction (∼0.2) minerals, such as talc or serpentine, can be excluded. The light grey shaded area defines the domain where the fault is favourably oriented, the grey area where the fault is unfavourably oriented (UO) and the white area where the fault is severely misoriented. Baietto et al. (2009) reported the occurrence of phyllosilicaterich gouges in core zones of NW-SE faults in the Argentera massif. Our preliminary X-ray diffraction (XRD) analyses on one gouge sample from the core zone of a branch of the N130
• E seismic fault (black square on Fig. 1a) show that, at this locality, the gouge is composed of chlorite, quartz, feldspar (including albite) and white micas. Besides, the mean hypocentral depth of the Ubaye 2003-2004 seismic swarm is 7 km below surface (Fig. 1c) , implying that the pressure (P) and temperature (T) conditions are around 190 MPa (lithostatic stress assuming a mean rock density of 2700 kg m −3 ) and 175-210
• C (assuming a mean geothermal gradient comprised between 25 and 30
• C km −1 ). Friction experiments carried out on natural or artificial chloriterich or illite-rich gouges under effective normal stresses ranging from 20 to 150 MPa and temperatures ranging from 20 (room temperature) to 230
• C have yielded static friction values mostly between 0.4 and 0.6 (Morrow et al. 2000; Saffer & Marone 2003; Moore & Lockner 2004; Mizoguchi et al. 2007 Mizoguchi et al. , 2008 Takahashi et al. 2007; Ikari et al. 2009 Ikari et al. , 2011 Tembe et al. 2009 Tembe et al. , 2010 . For these values, the reactivation of the N130
• E seismic fault is still unfavourable (Fig. 4) . The presence of phyllosilicate-rich gouge cannot account for the reactivation of the N130
• E seismic fault.
Pore fluid pressure excess required for reactivation during the 2003-2004 swarm
The pore fluid factor λ v = p f /ρ r gz required to reactivate the N130 • E seismic fault in the ambient stress field was computed and visualized with a pore fluid factor-differential stress failure mode diagram (Cox 2010 ) with a rock density ρ r fixed at 2700 kg m −3 (consistent with granitoids) and a cohesive strength C fixed at 35 MPa (consistent with granitoids; Amitrano & Schmittbuhl 2002) . The coefficient of static friction of the intact rock is fixed at 0.75 and the stress shape ratio is equal to 0.70 (see Section 3.2). The failure mode diagram was computed for the N130
• E seismic fault with an angle of reactivation of 63
• and for a depth of 7 km corresponding to the mean hypocentral depth of the 2003-2004 seismic swarm (Fig. 1c) . The N130
• E seismic fault will be considered cohesionless. This last point is supported by the presence, in the core zone of a branch of the N130
• E fault (black square on Fig. 1a) , of clayey gouge zones whose cohesion, at least in surface, seems negligible.
The failure mode diagram shows the variations of the pore fluid factor λ v as a function of the differential stress (Fig. 5) . The bold dark line represents the failure envelope separating an upper domain where a new favourably oriented fault will be formed rather than the reactivation of the N130
• E seismic fault, from a lower domain where the N130
• E seismic fault can be reactivated. The oblique lines give the pore fluid factors required to reactivate the N130
• E seismic fault for different values of the coefficient of static friction and for different values of differential stresses. Based on stress measurements in deep boreholes (Streit 1999 ; table 1), the value of the differential stress at a depth of 7 km can be estimated at 110 ± 10 MPa.
For μ s = 0.4 and for a differential stress of 110 ± 10 MPa, the possible values of λ v required to reactivate the unfavourably oriented N130
• E fault fall in the supra-hydrostatic domain. More precisely, the pore fluid factor λ v for reactivation ranges between 0.41 and 0.51 (Fig. 5) , corresponding to an increase of the hydrostatic λ v between 11 and 38 per cent for a fluid density ρ fluid fixed at 1000 kg m −3 , in agreement with the presence of water at depth in the Argentera massif (Baietto et al. 2009 ). At a 7 km hypocentral depth (Fig. 1c) and with a pore fluid factor λ v between 0.41 and 0.51, the pore fluid pressure excess above the hydrostatic equilibrium required to allow reactivation should be between 7 and 26 MPa, corresponding to total pore fluid pressures between 76 and 94.5 MPa.
The 76-94.5 MPa supra-hydrostatic total water pore pressures required to reactivate the N130
• E seismic fault correspond to water heights between 7.75 and 9.6 km. Assuming a hydrostatic gradient, these pressure values could be reached with topographic heights of 2750-4600 m above sea level. In the Ubaye-Argentera region, the mean topographic height is 2250 m with valleys at 1500 m and mountain tops at 3000 m. If these valleys and mountains were totally saturated with water, hydraulic head would be between 63 and 78.5 MPa. The hydraulic head alone is not an efficient mean to reactivate the N130
• E seismic fault and additional causes must be searched for. Given that a metamorphic origin for the Ubaye-Argentera fluids is excluded (see later) and given the lack of recent to active magmatism in the study area, compaction processes in the unconsolidated fault zone (Blanpied et al. 1992) appear as the most plausible candidate. Compaction processes are achieved by tectonic loading of the saturated fault gouge and by fault sealing preventing water escape. Pressurization of trapped water in the fault zone by compaction could have lowered the effective normal stress until reactivation of the N130
• E seismic fault would have occurred.
The 7-26 MPa excess of the pore fluid pressure required to reactivate the N130
• E seismic fault is of the same order of magnitude as the increase of pore fluid pressure of 8 MPa computed by Daniel et al. (2011) . The pore fluid pressure computations of Daniel et al. (2011) were estimated using rate-and-state constitutive friction laws and the variations of the background seismicity rate for given time periods. Our estimates are also of the same order of magnitude as the pore fluid pressure of 4 MPa required to quantitatively reproduce the observed seismicity of the Matsushiro swarm in Japan as modelled by Cappa et al. (2009) . It is also consistent with Miller et al. (2004) . Pore fluid factor-differential stress diagram showing the pore fluid factor required to reactivate the N130 • E seismic fault for a given differential stress and for a given coefficient of static friction. The bold dark line represents the failure envelope separating an upper domain where a new favourably oriented fault will be formed rather than reactivation of the N130 • E seismic fault, and a lower domain where the N130 • E seismic fault can be reactivated. The thin black lines give the pore fluid factor required to reactivate the N130 • E seismic fault for a given coefficient of static friction and for a given differential stress. O r , angle of reactivation; T o , tensile strength; Z, depth; , stress shape ratio; SBF, Serenne-Bersezio fault; BV, Bagni di Vinadio thermal spring.
to fluid overpressures between 10 and 20 MPa during fluid injection experiments at Soultz-sous-Forêts, France.
P RO P O S I T I O N O F A H Y D RO G E O L O G I C A L F L O W M O D E L
The analysis developed above suggests that the N130
• E seismic fault was reactivated during the 2003-2004 seismic swarm by a pore fluid pressure excess comprised between 7 and 26 MPa at a mean depth of 7 km below surface. In the following, the possible mechanisms, which could account for development of overpressured fluids are examined.
Possible reactivation of the N130
• E seismic fault by water at hypocentral depths The Argentera massif is characterized by the presence of thermal springs located along or near the NW-SE vertical or steeply dipping faults previously described ( Fig. 1 ; Bagni di Vinadio thermal spring and Terme di Valdieri thermal spring). The waters flowing out at the Argentera thermal springs are characterized by maximum temperatures of about 70
• C, by pH values of 8-9 and by total dissolved salts contents between 200 and 2000 mg L −1 (Perello et al. 2001; Baietto et al. 2009 ). Oxygen and hydrogen isotope studies further show that the thermal waters have a meteoric origin (Perello et al. 2001) . Based on geothermometric calculations, Perello et al. (2001) determined the physical conditions under which the chemical composition of the Argentera thermal waters was obtained. In particular, they showed that chemical interactions between water and minerals took place in a deep reservoir at temperatures of about 150
• C. Assuming a geothermal gradient of 25-30
• C km −1 (Bigot-Cormier et al. 2000; Perello et al. 2001) , a temperature of 150
• C corresponds to a geothermal reservoir depth of 5-6 km below surface coinciding with the hypocentral depths of the Ubaye 2003-2004 seismic swarm, most of which being comprised between 5 and 8 km below surface (Jenatton et al. 2007; Daniel et al. 2011) .
Development of supra-hydrostatic water pore pressures in the hypocentral region and proposition of an underground water circulation model
The development of a supra-hydrostatic water pore pressure necessary to reactivate the N130
• E seismic fault requires the presence of a hydraulic barrier preventing the fluid to escape upwards and allowing the maintenance of the supra-hydrostatic pressure. The hydraulic barrier can be constituted by the autochtonous sedimentary cover itself overlain by the Embrunais-Ubaye sedimentary nappes to the northwest of the Argentera massif. The 1-2 km thick autochtonous cover is composed of stratified limestones, marls (notably 300 m thick Jurassic marls), sandstones, mudstones and minor evaporites. The Embrunais-Ubaye nappes are composed of alternating flyschtype layers of sandstones and mudstones. The sedimentary cover and overlying Embrunais-Ubaye nappes are significantly less fractured or faulted than the crystalline Argentera massif which is intensely fractured and faulted as shown by field studies (Kerckhove 1969; Horrenberger et al. 1978; Kerckhove et al. 1980; Baietto et al. 2009 ). In particular, with the exception of the SBF (Horrenberger et al. 1978) , the NW-SE regional faults cross-cutting the Argentera massif disappear beneath the sedimentary cover. Consequently, the sedimentary lid constituted by these layers is less permeable than the fractured crystalline rocks of the Argentera massif or its northwest extension (beneath the Jausiers area).
The hydraulic barrier can be further constituted by hydrothermal sealing of the damage zone(s) of the N130
• E seismic fault, lowering the permeability of the fault zone as reported in many instances (Cox 1995; Sibson & Scott 1998; Caine et al. 2010) . Besides, in the field, most exposures of damage zones in the vicinity of NW-SE regional faults show numerous minor faults and fractures filled by quartz-chlorite assemblages.
A schematic circulation model illustrating meteoric waters flowing in the Argentera massif is presented in Fig. 6 . Meteoric waters infiltrate in the Argentera and flow downwards until reaching a 7 km depth. Because of the presence of the low-permeability lid to the northwest and the hydrothermal sealing of the fault damage zone, meteoric water is trapped at depth and any upwelling water will not be able to escape. Tectonic compaction processes are then responsible for water pore pressure build-up in the fault zone. Pore pressure will be maintained under supra-hydrostatic conditions, eventually leading to seismic ruptures along the N130
The recurrence of earthquake swarms in the Jausiers area and in its vicinity, the fact that the swarms are separated by periods of several years, and the fact that each swarm lasts for a few months or a few years are probably the consequences of cyclic fluid pressure build-ups in fault zones. A future challenge is to better quantify the hydraulic properties of the fault zone to provide accurate underground fluid flow models.
C O N C L U S I O N S
A 2-D frictional fault analysis shows that the reactivation of an unfavourably oriented N130
• E strike-slip fault which has been the locus of the 2003-2004 seismic swarm was probably caused by an excess water pressure estimated to range between 7 and 26 MPa. The development of such water pore pressure excess is probably caused by (1) the infiltration and accumulation of meteoric waters at seismogenic depths, (2) tectonic compaction processes in the fault zone (Blanpied et al. 1992) and (3) the hydrothermal sealing of the fault damage zones and the low-permeability sedimentary lid (marl-rich autochtonous sedimentary cover and Embrunais-Ubaye sedimentary nappes).
Despite the presence of numerous NW-SE strike-slip faults cross-cutting the Argentera massif and its northwest-ward extension beneath the autochtonous and allochtonous cover in the Jausiers area, the 2003-2004 seismic swarm was localized along a single fault, the N130
• E seismic fault (Daniel et al. 2011) . The seismic activity along only the N130
• E seismic fault indicates that the water pore pressure excess required to reactivate the fault and to eventually trigger seismicity was reached only along the N130
• E seismic fault considered in this paper, but has not yet been reached along other similarly striking faults in the study area suggesting that the latter faults do not share the same hydraulic properties as the N130
• E fault and are still being fluid pressurized since their last rupture events until the shear stress reaches a critical value.
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